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ULTRASONIC TRANSMITTING AND RECEIVING APPARATUS AND 
ULTRASONIC TRANSMITTING AND RECEIVING METHOD 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an ultrasonic 
transmitting and receiving apparatus and an ultrasonic 
10 transmitting and receiving method to be used for observing 
internal organs in a living body and the like by transmitting 
and receiving ultrasonic waves . 



Description of a Related Art 

15 Conventionally, to obtain a three-dimensional image by 

transmitting and receiving ultrasonic waves, a 
one -dimensional sensor array with positional sensors has been 
used, and a two-dimensional image of a cross section in the 
depth direction is obtained by electrically steering the 

20 transmitting ultrasonic waves, and further, plural 
two-dimensional images obtained by mechanically shifting the 
one -dimensional sensor array are synthesized into a 
three-dimensional image. However, according to this 
technique, since there resides a time lag in the mechanical 

25 shift of the one-dimensional sensor array, plural 
two-dimensional images of different points of time are 
synthesized resulting in a blurred synthesized image. 
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Accordingly, the technique is not suitable for imaging of 
objects having motion like a living body. 

In order to eliminate the problem as described above, 
it is advantageous to obtain three-dimensional images by using 
5 a two-dimensional sensor array. However, since the number 
of ultrasonic detection elements included in the 
two-dimensional sensor array is extremely large compared to 
the one-dimensional sensor array, another problem arises. 
For example, when a two-dimensional sensor array of 

10 approximately 80x80 elements is used, it is ideal to receive 
ultrasonic waves by using all elements. However, when the 
number of the elements is large, such problem arises, that 
is , the wiring in manufacturing of the two-dimensional sensor 
array becomes complicated. Further, as to a number of channels 

15 of electrical circuits for processing detection signals 
obtained by detecting ultrasonic waves with the ultrasonic 
detection elements, since the same number of channels as a 
number of the ultrasonic detection elements are required, 
such another problem arises , that is , the electrical circuits 

20 become complicated. 

Under such circumstances as described above, in order 
to reduce the number of channels of the electrical circuits 
for processing the detection signals, a "sparse array" is 
used, in which only partial ultrasonic detection elements 

25 in the two-dimensionally disposed plural ultrasonic detection 
elements are used. 

For example , US 6 , 241 , 675 Bl discloses , in an ultrasonic 
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measurement: system for measuring velocity of tissue, a sparse 
array in which transducers are selectively connected. Also, 
an arrangement of a sparse array adapted so as to obtain a 
satisfactory acoustic field by reducing side lobes is 
5 disclosed by Richard E. Davidsen et al . "TWO-DIMENSIONAL 
RANDOM ARRAYS FOR REAL TIME VOLUMETRIC IMAGING" , ULTRASONIC 
IMAGING 16 (1994), (Academic Press Inc.), pp. 143-163. 

However, when performing sector scan of a wide range 
of area, sometimes side lobes are generated in a specific 

10 direction. According to the above conventional art, the 
wiring connection, which has been once set up, is fixed and 
the arrangement thereof is hardly changed, and therefore, 
even when side lobes are generated in a specific direction, 
the side lobes can not be reduced. The side lobes lead to 

15 generation of an artifact (virtual image) or the like on the 
images obtained by ultrasonic imaging, which accelerates 
deterioration of the image and reduces the quality of image . 

SUMMARY OF THE INVENTION 

20 The present invention has been achieved in view of the 

above-describedproblems . An object of the present invention 
is to provide an ultrasonic transmitting and receiving 
apparatus and an ultrasonic transmitting and receiving method 
which are capable of reducing generation of side lobes in 

25 a specific direction, and thereby, obtaining images of 
satisfactory quality even when performing sector scan of an 
area having a wide range . 
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In order to solve the above -de scribed problems , an 
ultrasonic transmitting and receiving apparatus according 
to one aspect of the present invention comprises : an ultrasonic 
probe including plural ultrasonic transducers ; plural 
5 transmitting circuits for respectively generating plural 
drive signals to be supplied to the ultrasonic probe so as 
to transmit an ultrasonic beam; plural receiving circuits 
for respectively processing plural detection signals output 
from the ultrasonic probe which has received an ultrasonic 

10 echo; switching means for selectively connecting a 
predetermined number of ultrasonic transducers in the plural 
ultrasonic transducers to the plural transmitting circuits 
and/or the plural receiving circuits ; and control means for 
controlling the switching means to change a sparse pattern 

15 of the ultrasonic transducers which transmit and/or receive 
ultrasonic waves . 

Also, an ultrasonic transmitting and receiving method 
according to a first aspect of the present invention comprises 
the steps of: (a) selecting a predetermined number of 

20 ultrasonic transducers from among plural ultrasonic 
transducers included in an ultrasonic probe to determine a 
sparse pattern of the ultrasonic transducers which transmit 
and/or receive ultrasonic waves ; and (b) transmitting an 
ultrasonic beam and/or receiving an ultrasonic echo by using 

25 the predetermined number of ultrasonic transducers selected 
at step (a) . 

Further, an ultrasonic transmitting and receiving method 
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according to a second aspect: of the present invention comprises 
the steps of: (a) changing a sparse pattern of ultrasonic 
transducers , which transmit and/or receive ultrasonic waves , 
in accordance with a steering range of an ultrasonic beam; 
and (b) transmitting an ultrasonic beam and/or receiving an 
ultrasonic echo in accordance with the sparse pattern changed 
at step (a) . 

According to the present invention, since the sparse 
pattern of the ultrasonic transducers, which transmit and/or 
receive ultrasonic waves, can be changed in accordance with 
the steering range of the ultrasonic beam to be transmitted, 
it is possible to reduce generation of side lobes in a specific 
direction, and thereby, to obtain images of satisfactory 
quality even when performing sector scan of an area having 
a wide range . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a block diagram showing a configuration of 
an ultrasonic transmitting and receiving apparatus according 
to one embodiment of the present invention; 

Fig. 2 is a diagram schematically showing a state in 
which an ultrasonic beam is transmitted from a two-dimensional 
transducer array to a point within a scan range; 

Figs . 3A and 3B are diagrams showing sparse patterns 
of ultrasonic transducers which transmit and receive 
ultrasonic waves ; 

Fig . 4 is a diagram showing a sparse pattern of ultrasonic 



-transducers which transmit and receive ultrasonic waves; 

Figs . 5A and 5B are diagrams showing acoustic field 
distributions when the ultrasonic beam is transmitted and 
received while focusing the ultrasonic beam at the point A 
5 shown in Fig . 2 ; 

Figs . 6A and 6B are diagrams showing acoustic field 
distributions when the ultrasonic beam is transmitted and 
received while focusing the ultrasonic beam at the point B 

* 

shown in Fig . 2 ; 

10 Fig. 7 is a diagram showing plural steering areas formed 

within a scan range to which the ultrasonic beam is transmitted 
from an ultrasonic transmitting and receiving apparatus 
according to one embodiment of the present invention; 

Fig. 8 is a diagram showing an example of instruction 

15 tables which are stored in a flash memory; and 

Fig. 9 is a flowchart showing operation of an ultrasonic 
transmitting and receiving apparatus according to one 
embodiment of the present invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now , referring to the drawings , an embodiment of the 
present invention will be described. 

Fig. 1 is a block diagram showing a configuration of 
an ultrasonic transmitting and receiving apparatus according 
25 to one embodiment of the present invention. As shown in Fig. 
1 , the ultrasonic transmitting and receiving apparatus 
comprises an ultrasonic probe 1, which is used being abutted 
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on an object to be inspected, and an ultrasonic transmitting 
and receiving apparatus main body 2 , which is connected to 
the ultrasonic probe 1 . 

The ultrasonic probe 1 has a transducer array 11 including 
5 K 2 ultrasonic transducers disposed into a two-dimensional 
matrix-like configuration, and a programmable switching 
device 13 that switches over the connection of partial 

2 * 

ultrasonic transducers which are included in the K ultrasonic 
transducers and actually transmit and receive the ultrasonic 
10 waves . 

As for the ultrasonic transducer, for example, a 
piezoelectric element including a piezoelectric ceramic 
represented by PZT (Pb (lead) zirconate titanate) or a 
macromolecule piezoelectric element such as PVDF 

15 (polyvinylidene difluoride) is used. 

The programmable switching device 13 has plural 
switching circuits (multiplexers) 14 and a controller 16 that 
controls these multiplexers 14 . The multiplexers 14 are the 
circuits for switching over the connection between wirings 

20 12 and wirings 15 connecting ultrasonic transducers, which 
are included in the K 2 ultrasonic transducers and actually 
transmit and receive ultrasonic waves, to the ultrasonic 
transmitting and receiving apparatus main body 2 . For example , 
analogue switches, relay switches or the like may be used. 

25 The ultrasonic transmitting and receiving apparatus main 

body 2 includes plural transmitting circuits 21, plural 
receiving circuits 22, a signal processing unit 23, an image 
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processing unit 24, a storage unit 25, a display unit 26, 
a control unit 27 and a flash memory 28. The control unit 
27 controls plural multiplexers 14 through the controller 
16 to designate ultrasonic transducers that actually transmit 
5 and receive ultrasonic waves from among the K 2 ultrasonic 
transducers. The flash memory 28 stores arrangement 
information of the ultrasonic transducers that actually 
transmit and receive ultrasonic waves . 

The ultrasonic transducers actually transmitting and 

10 receiving ultrasonic waves are connected to plural 
transmitting circuits 21 and plural receiving circuits 22 
in the ultrasonic transmitting and receiving apparatus main 
body 2 via the programmable switching device 13. The plural 
transmitting circuits 21 respectively generates plural drive 

15 signals each having a predetermined delay time and supplies 
them to the ultrasonic probe 1 under the control of the control 
unit 27. Thereby, transmission beam forming is performed, 
and the ultrasonic probe 1 transmits an ultrasonic beam to 
a desired direction . The plural receiving circuits 22 

20 respectively perform processing such as amplification and 
delay on the plural detection signals output from the 
ultrasonic probe 1 which has received an ultrasonic echo. 
The transmitting circuits 21 are provided with m channels 
from Txl to Txm, and the receiving circuits 22 are provided 

25 with n channels from Rxl to Rxn . Here , both m and n are smaller 
than K 2 . 

The signal processing unit 23 performs addition of the 
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detection signals output from plural receiving circuits 22 , 
on which the delay processing has been made. Thereby, 
reception beam forming is performed. Also, the signal 
processing unit 23 generates image data on the basis of the 
5 added detection signals. The image processing unit 24 
performs image processing while temporarily storing the image 
data output from the signal processing unit 23 in the storage 
unit 25 . On the basis of an image signal output from the image 
processing unit 24, an ultrasonic image is displayed on the 

10 display unit 26. 

Next, the relationship between sparse pattern of the 
ultrasonic transducers and acoustic field distribution in 
the two-dimensional transducer array will be described . Here , 
the term "sparse pattern of the ultrasonic transducers" means 

15 a pattern with respect to the density in arrangement of the 
ultrasonic transducers which are included in the plural 
ultrasonic transducers within the ultrasonic probe and 
actually transmit and/or receive ultrasonic waves . 
According to the embodiment, the density of the arrangement 

20 of the ultrasonic transducers , which actually transmit and/ or 
receive ultrasonic waves , is changed in accordance with the 
transmission direction of the ultrasonic beam. 

Fig. 2 is a diagram schematically showing a state in 
which the ultrasonic beam is transmitted from the 

25 two-dimensional transducer array to a point within a scan 
range . Each of point A and point B is a focusing point within 
the space area which is subjected to sector scan by an 
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ultrasonic beam. Here, when the position (<|>, 8) of a point 
within the space area is expressed by using an angle of 
direction § and an angle of elevation 0, point A and point 
B are expressed as (0°, 0°) and (34°, 34°) , respectively. 

Also, Figs. 3A, 3B and 4 are diagrams showing a sparse 
pattern, respectively, of the ultrasonic transducers , which 
transmit and receive ultrasonic waves . The ultrasonic 
transducers , which are disposed at the positions represented 
with black squares in these diagrams, are connected to the 
ultrasonic transmitting and receiving apparatus main body 
and used to actually transmit and receive ultrasonic waves . 

Fig . 3A shows sparse pattern 1 , and Fig . 3B shows sparse 
pattern 2 . In the sparse pattern 1 and sparse pattern 2 , the 
number of the ultrasonic transducers to be used is the same, 
but the positions of the ultrasonic transducers to be used 
are different form each other . In the sparse pattern 1 , the 
used ultrasonic transducers are evenly disposed. In the 
sparse pattern 2, on the other hand, the used ultrasonic 
transducers are disposed so as to become more congested toward 
the right-upper direction in Fig. 3B. In the embodiment, the 
ultrasonic transducers are used for both transmission and 
reception . 

Figs . 5A and 5B , and Figs . 6A and 6B respectively show 
the acoustic field distributions of the space area (<(), 0) 
in the case where the ultrasonic beam is transmitted and 
received while focusing the ultrasonic beam at the point A 
(Fig. 2) as a focal point, and in the case where the ultrasonic 
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beam is transmitted and received while focusing the ultrasonic 
beam at the point B (Fig. 2) as a focal point, by using two 
different two-dimensional transducer arrays in which the 
ultrasonic transducers are disposed in accordance with the 
5 sparse pattern 1 and sparse pattern 2 . 

In Figs. 5A-6B, the height direction represents the 
intensity of the ultrasonic wave, and two directions 
perpendicular to the height direction represent the angle 
of direction <|> and the angle of elevation B f respectively. 
10 In these diagrams, main lobes 100, 110, 120 and 130 having 
the highest intensity and side lobes 101, 111, 121 and 131 
generated thereabout are shown. 

Fig. 5A shows the acoustic field distribution in the 
case where the ultrasonic beam is transmitted and received 
15 while focusing the ultrasonic beam at the point A as a focal 
point by using a two-dimensional transducer array having the 
sparse pattern 1. Fig. 5B shows the acoustic field 
distribution in the case where the ultrasonic beam is 
transmitted and received while focusing the ultrasonic beam 
20 at the point A as a focal point by using a two-dimensional 
transducer array having the sparse pattern 2 . 

Comparing Figs . 5A and 5B , it can be seen that the 
intensity of the side lobes shown in Fig. 5A are smaller. 
Accordingly, it is understood that, when the point A is a 
25 focal point, it is advantageous to use a two-dimensional 
transducer array having the sparse pattern 1 with a smaller 
intensity of the side lobe. 

11 
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Fig. 6A shows the acoustic field distribution when the 
ultrasonic beam is transmitted and received while focusing 
the ultrasonic beam at the point B as a focal point by using 
a two-dimensional transducer array having the sparse pattern 
5 1. Fig. 6B shows the acoustic field distribution when the 
ultrasonic beam is transmitted and received while focusing 
the ultrasonic beam at the point B as a focal point by using 
a two-dimensional transducer array having the sparse pattern 
2. 

10 Comparing Figs . 6A and 6B, it can be seen that the height 

of the side lobes shown in Fig. 6B is lower, and that the 
difference H2 between the main lobe 130 and the side lobe 
131 in Fig. 6B is larger than the difference HI between the 
main lobe 120 and the side lobe 121 in Fig. 6 A . Accordingly, 

15 it is understood that, when the point B is a focal point, 
it is advantageous to use a two-dimensional transducer array 
having the sparse pattern 2 with a smaller intensity of the 
side lobe. 

From the above-described results , it has been found that 
20 the scan range should be divided into plural steering areas 
and the sparse pattern of the ultrasonic transducers to be 
used should be set for each of these steering areas . That 
is to say, the feature of the present invention is that the 
sparse pattern of the ultrasonic transducers , which transmit 
25 and/or receive ultrasonic waves, is set up in accordance with 
the steering direction or the range of the focusing point 
(also simply referred to as "steering range" in the present 



invention) of the ultrasonic beam to be transmitted. Owing 
to this, it is possible to change the sparse pattern of the 
ultrasonic transducers in accordance with the steering range 
so as to reduce the generation of side lobes . 
5 Fig. 7 is a diagram showing plural steering areas formed 

within a scan range to which ultrasonic beam is transmitted 
from the ultrasonic transmitting and receiving apparatus 
according to one embodiment of the present invention . As shown 
in Fig. 7 , the scan range is divided into steering areas 1-5. 
10 The steering area 1 is an area encircled by a circle at the 
central portion of the scan range. The steering areas 2-5 
are formed by dividing the scan range excluding the steering 
area 1 into first quadrant I to fourth quadrant IV, 
respectively . 

15 From the results shown in Figs. 5A-6B, ultrasonic 

transducers, which are used for actual transmission and 
reception of ultrasonic waves, are disposed according to the 
sparse pattern 1 in the steering area 1 , and disposed according 
to the sparse pattern 2 in the steering area 2 . Further , taking 

20 symmetric property of the steering areas 2-5 into 
consideration, in the steering area 3, the ultrasonic 
transducers are disposed according to a sparse pattern in 
which the sparse pattern 2 is rotated by 90° counterclockwise; 
in the steering area 4 , the ultrasonic transducers are disposed 

25 according to a sparse pattern in which the sparse pattern 
2 is rotated by 180°; and in the steering area 5 , the ultrasonic 
transducers are disposed according to a sparse pattern, in 
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which the sparse pattern 2 is rotated by 270° counterclockwise . 

In the steering areas 1-5 , by transmitting and receiving 
ultrasonic waves using a predetermined number of ultrasonic 
transducers disposed as described above, it is possible to 
reduce the influence of the side lobes to a low level in the 
entire scan range . 

Referring to Fig. 1 again, the control unit 27 changes 
the connection between (i) the transducer array 11 and (ii) 
the transmitting circuits 21 and the receiving circuits 22 
by controlling the multiplexers 14 through the controller 
16 in accordance with each of the plural steering areas set 
within the scan range. Thereby, the arrangement of the 
ultrasonic transducers , which transmit and receive ultrasonic 
waves, is changed for each of the plural steering areas. 

To the control unit 27 , the flash memory 28 is connected. 
The flash memory 28 is storing means for storing arrangement 
information on the ultrasonic transducers for each of the 
plural steering areas as an instruction table in 
correspondence with the respective steering area. 

Fig. 8 shows an example of the instruction table stored 
in the flash memory 28. In the flash memory 28, tables for 
the steering area 1 through 5, which represent arrangement 
information on the ultrasonic transducers to be connected 
to the transmitting circuit 21 and the receiving circuit 22, 
are stored in correspondence with each of the steering areas 
1-5. In the respective tables, the ultrasonic transducers 
to be used are indicated by positions in the X-Y coordinate 
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system of the ultrasonic transducers , which are disposed into 
a two-dimensional matrix-like configuration. For example, 
the coordinate (0 , 1) at the left side in the table 1 indicates 
an ultrasonic transducer at a position (0, 1) in the X-Y 
5 coordinate system in the ultrasonic transducers disposed into 
the two-dimensional matrix-like configuration shown in Fig. 
1. Also, the coordinate (Tx, Rx) at the right side in each 
table in Fig. 8 indicates the transmitting circuit 21 and 
the receiving circuit 22 to be connected to the ultrasonic 

10 transducer to be used. 

Accordingly, for example, information which represents 
that (0, 1) corresponds to (Tx2 , Rx3) in the table 1 means 
that an ultrasonic transducer positioned at (0, 1) in the 
X-Y coordinate system is connected to a transmitting circuit 

15 Tx2 and a receiving circuit Rx3 . The information stored in 
the flash memory 28 can be rewritten. For example, it is 
possible for an operator to arbitrarily change the arrangement 
of the ultrasonic transducers afterward depending on the 
region to be observed. 

20 Here, referring to Fig. 3B again, when the spar se pattern 

2 shown in Fig. 3B is rotated by 90°, 180° or 270° in 
correspondence with the steering areas 2-5 shown in Fig. 7, 
the central area of the pattern changes little in the element 
arrangement thereof. Also, the element arrangement in the 

25 second quadrant and that in the fourth quadrant of the sparse 
pattern 2 shown in Fig. 3B have a high symmetric property 
with respect to the diagonal line connecting the right-upper 
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and the left-lower of the figure. Therefore, as shown in Fig. 
4, when classifying the sparse pattern 2 into arrangement 
patterns P a -Pd/ arrangement pattern P A can be fixed, and as 
for arrangement patterns P b ~Pd, it is understood that each 
5 arrangement pattern can be replaced as a unit with each other 
in correspondence with the steering area. 

By arranging as described above , it is possible to largely 
reduce the number of circuits or wirings in the programmable 
switching device 13 in Fig. 1. Particularly, since the 

10 arrangement pattern P A can be fixed, as for the ultrasonic 
transducers included in this area, switching is not required 
to perform. Additionally, as for the instruction table for 
storing the arrangement information on the ultrasonic 
transducers and a delay table for storing delay time 

15 corresponding to these ultrasonic transducers , since they 
are required to be prepared just in correspondence with the 
arrangement patterns , it is possible to save the memory 
capacity of the flash memory which stores these tables. 

Next, referring to Figs. 1 and 9, the operation of the 

20 ultrasonic transmitting and receiving apparatus according 
to the embodiment will be described. Fig. 9 is a flowchart 
showing the operation of the ultrasonic transmitting and 
receiving apparatus according to the embodiment. Here, 
symbol N represents a steering area number. 

25 First, at step SI, the value of N is initialized to 1, 

and the scanning starts from the steering area 1 . At step 
S2, the control unit 27 reads out an instruction table 
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corresponding to the steering area 1 from the flash memory 
28 and transmit it to the controller 16. At step S3, the 
controller 16, which has received the instruction table from 
the control unit 27 , controls the multiplexers 14 in accordance 
5 with the instruction table to set the connection between (i) 
a predetermined number of ultrasonic transducers and (ii) 
the transmitting circuit 21 and the receiving circuit 22. 

At step S4, the ultrasonic transducers, which are 
connected to the transmitting circuit 21 and the receiving 

10 circuit 22, transmit ultrasonic waves to the steering area 
N to perform the scanning in the steering area N. At step 
S5, it is determined whether or not the value of N has reached 
5 . When the value of N is smaller than 5 , the operation proceeds 
to step S6, and the value of N is incremented. Thus, when 

15 the scanning from the steering area 1 to the steering area 
5 is performed in order, the scanning of the entire scan range 
is completed. 

According to the embodiment, each ultrasonic transducer 
performs both of the transmission and reception of ultrasonic 

20 waves. However, it may be arranged so that, by separately 
providing ultrasonic transducers for transmission and 
ultrasonic transducers for reception, each ultrasonic 
transducer performs either one of transmission and reception 
of the ultrasonic waves. Also, although the programmable 

25 switching device is disposed in the ultrasonic probe, the 
progr ammab le switching device may be disposed in the 
ultrasonic transmitting and receiving apparatus main body. 
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As described above, according to the present invention, 
since the sparse pattern of the ultrasonic transducers , which 
transmit and/or receive the ultrasonic wave, can be changed 
in accordance with the steering direction or range of the 
ultrasonic beam to be transmitted, it is possible to reduce 
the generation of side lobes in a specific direction and to 
obtain images of satisfactory quality even when performing 
sector scan of an area having a wide range . 

Also, by applying the present invention to a multi-beam 
system in which ultrasonic beams are transmitted or received 
simultaneously in plural directions , it is possible to reduce 
the influence of the side lobes which are increased by 
multi-beam transmission. Further, in the case where one or 
more transmitting element and plural receiving elements are 
provided separately, and the transmitting element is disposed 
in the central area of the opening of an ultrasonic probe 
to transmit a thick ultrasonic beam and the plural receiving 
elements are disposed in the entire area of the opening of 
the ultrasonic probe to thereby receive the ultrasonic echo 
in a dispersive manner, it is also possible to change the 
sparse pattern of the transmitting m element or receiving 
elements in accordance with the steering direction or range 
of the ultrasonic beam so as to reduce the influence of the 
side lobes . 
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